The residential building sector is a major driver of current and future energy consumption and associated emissions, which can be potentially mitigated through significant energy-efficiency (EE) improvements in both emerging and developed countries. Yet, there are several persistent barriers that hinder the attainment of EE improvements in this area. Using data from a 2008 national representative survey of Spanish households, this paper is interested in the determinants of EE-related decisions. In particular, a discrete-choice model empirically analyzes whether proenvironmental households are more likely to invest in EE and to adopt daily energysaving habits. We show that households with eco-friendly behaviors are more likely to investment in well-differentiated EE measures as well as to steer daily habits towards energy savings. However, no effects are found for households with environmental attitudes based on stated willingness to pay to protect the environment. In addition to this, households belonging to higher income groups and education levels are more likely to invest in EE but not to adopt energy-saving habits; while households with older members are less likely to invest in EE and show fewer eco-friendly habits. von Graevenitz for their helpful comments and suggestions. Yet the paper only reflects the views of the authors, who are responsible for any error or omission that may remain. different authors (e.g. Loureiro et al., 2013; Vassileva et al., 2012; Ek and Söderholm, 2010) , as well as the need for further empirical evidence regarding these hypotheses (Van den Bergh, 2008) .
Introduction
Buildings have become a centerpiece for energy and environmental policies due to their large impacts on energy demand and related emissions. Indeed, residential and commercial buildings account for approximately 40% of final energy consumption in industrialized countries. Unlike other sectors, the stock or inertia effect of buildings is of particular concern given that many units were built under old (or without) codes and thus often without significant attention to energy efficiency or environmental issues. Buildings are long-term durable goods; hence, their contributions to future energy consumption and emissions are likely to be large unless specific actions and policies are introduced (Gago et al., 2013) .
Energy efficiency (EE) offers an opportunity to change this trend by applying cost-effective measures to reduce energy consumption (Levine et al., 2007) . In the last few years international institutions such as the International Energy Agency (IEA) have emphasized the potential energy savings achievable from building design and retrofitting, and have urged governments to introduce policies to promote EE in this sector (IEA, 2013) such as codes and standards, taxes and subsidies and other non-price instruments (see Markandya et al., 2015) . Some of these measures consist of improving the technical conditions of buildings so that they need less energy to provide the same service, e.g. through insulation, more efficient heating systems or the use of highly energyefficient appliances Moreover, consumers can reduce their daily energy consumption by adopting energy-saving habits such as switching off lights or targeting lower (upper) interior temperatures in winter (summer).
Yet widespread EE adoption has hardly been observed in this sector given strong factors that prevent agents from taking advantage of EE potentials (see e.g. Levine et al., 2007 , European Commission, 2011 . Some of the most important barriers are informational imperfections and behavioral failures, as this is a complex sector with a multitude of agents and high costs, along with limited access to capital (Jaffe and Stavins, 1994 ). Yet these effects might be less pronounced for households that show environmental concerns, even in the case of incomplete information, principal-agent problems, bounded rationality or long payback periods. Proenvironmental households might value not only the monetary savings derived from reducing their energy use, but also the environmental improvement associated with energy savings; hence they may favor EE more than the rest of the households. This could lead, for instance, to a more exhaustive search for information when buying new appliances, to shorter payback periods, or to more attention to energy performance attributes (given by energy performance certificates or labeling systems). In the same way, if the members of a household are concerned with environmental protection they might (contrary to principal-agent hypothesis) save energy at home by adopting eco-friendly habits, such as turning down the heating thermostat even if they do not pay the bill directly (IEA 2007) . Finally, pro-environmental households might be less prone to traditional or cultural aspects as well as behavioral failures that prevent consumers from taking optimal decisions. This paper attempts to empirically determine the factors that drive Spanish household decisions in EE investments and the adoption of daily energy-saving habits, using the Spanish National Statistics Institute (INE) 2008 survey, 'Encuesta Social: Hogares y Medio Ambiente' (ESHMA, Social Survey: Households and the Environment), a single-year representative survey containing micro data on Spanish households. Similar analyses previously performed for other developed countries have mostly considered dwelling structural and socio-economic variables. However, the importance of environmental issues in understanding household decision-making processes with respect to EE and energy consumption has been recently emphasized by not only the socio-economic characteristics that determine household adoption of EE but also other features and constraints that prevent the implementation of cost-effective EE measures.
In this context, most academic research has focused on principal-agent problems in both EE investment and energy-saving habits. One of the first contributions in this area was Brechling and Smith (1994) who used microdata from the 1986 'English House Condition Survey' to explain the probability to have wall and loft insulation and double glazing in UK households. The paper showed small income-related effects suggesting no barriers to capital access, whereas home ownership was the only socio-economic characteristic that influenced EE investment decisions. Levinson and Niemann (2004) used US data from the 'Residential Energy Consumption Survey' (RECS) and the 'American Housing Survey' to analyze principal-agent problems in household winter indoor temperatures. Comparing results from OLS and selection probit models, they showed negative EE effects of contracts which included energy costs in rental payments. Davis (2012) employed data from the 2005 RECS and a linear probability model to study the importance of principal-agent problems in EE appliances and lighting and demonstrated the effectiveness of command-and-control approaches. Maruejols and Young (2011) used data from the 2003 Canadian 'Survey of Household Energy Use' to study energy-related behavior in multi-family dwellings. Their results indicate that households not paying heating bills directly chose higher temperature settings. While income effects were small for temperatures, income was an important determinant of household eco-friendly habits. Gillingham et al. (2012) employed the 2003 'California Statewide Residential Appliance Saturation Study' to find the effects of certain variables on morning heating temperatures, changes of heating system or insulation level. Using probit models they identified principal-agent problems both in heating or cooling and insulation. They attributed lower heating temperatures in colder regions and larger houses to economic incentives from more substantial energy-saving opportunities. Finally, Miller et al., 2014 estimate the likelihood of adoption of energy efficiency measures in the residential sector in the US, with the focus on the principalagent problem. To do so, they also used data from the RECS 2009 and an energy efficiency index constructed by their own which contains information about the updated appliances, windows replacement, added insulation, and the use of programmable thermostat among others. Their results show that households from urban areas, married, belonging to high income class or high educational levels are more likely to adopt energy efficiency measures. They also found that rental units with heat-inclusive rents are less likely to adopt energy efficiency measures, confirming the existence of split incentives.
Although environmental concerns could be a crucial determinant in the decision-making processes of households and could explain differences in the level of energy consumption of households with similar characteristics (Vassileva et al., 2012; Ek and Söderholm, 2010) , none of the above-mentioned papers included such variables. Indeed, Van den Bergh (2008) stressed the small number of empirical studies that combine socio-economic and psychological determinants of environmentally-friendly behavior. As of yet only a few papers have introduced different variables to measure possible effects on general energy-related decisions, such as Kahn (2007) , who studied the relationship between a green political ideology and private consumer choices, or Kotchen and Moore (2007) who use household environmental attitudes as one of the explanatory variables which determine the participation in green-electricity programs.
Table 1. Environmental Questions in EE Studies on Buildings

Paper
Environmental attitude variable Di Maria et al. (2008) -Respondent's support of the Kyoto Protocol -Importance given to the protection of the environment -Whether the respondent has heard of global warming and the greenhouse effect Kahn and Vaughn (2009) -Neighborhood's Green Party's share of registered voters -Share of voters who voted in favor of Proposition 12 on March 7, 2000.
-Share of voters who voted in favor of Proposition 13 in the year 2000. Costa and Kahn (2010) -Whether the household has donated money to environmental groups -Whether the household has signed up for the renewable energy program of the utility Lange et al. (2014) -Whether the respondents believe that their country will be affected by climate change in the future -If households consider that their actions are influenced by carbon dioxide emissions -If the respondents agreed with the statement that the environment was a low priority compared to many other things in their lives.
-Whether the respondent believes that it takes too much time and effort to do things that are environmentally friendly -If respondents are environmentally friendly in most things they do -How often the respondents dress warmer when they feel cold rather than turning the heating on or turning it up Brounen et al. (2012) -Efficient drivers OECD (2013) -Green Growthers -Altruist -Skeptics -NGO -Environmental NGO -Environment as top concern -Economy as the top concern -Understand Climate Change -Cost bias Costa and Kahn (2010) included information on donations and support for environmental protection to estimate the effect on California's residential electricity consumption. They suggested that green voters and those enrolled in the renewable energy program of their utility used less energy. In a subsequent paper, Kahn and Vaughn (2009) showed that the share of green voters explained the aggregate share of hybrid cars and LEED 1 certified buildings in communities. Lange et al. (2014) Their results point out that indeed only those households that actively put their beliefs into practice in daily life had lower heating expenditures. With respect to income, they found a positive and statistical relationship with heating temperature, while the effect of education depended on the chosen model specification. Brounen et al. (2013) used data from the 2011 'Dutch National Bank Household Survey', and found that consumer attitudes towards energy conservation and demographics had a direct effect on the heating and cooling behavior of residential households, while energy literacy (i.e. whether households are able to make EE trade-offs) and awareness of their energy consumption had no effect. Households that declared to have driven efficiently to save petrol were more likely to know their energy bills and use green power, although this did not have any effect on indoor heating temperature. Additionally, they found no effect in green party voters. Finally, the OECD Survey on Household Environmental Behavior and Attitudes carried out in 2011 across 11 OECD countries, including Spain, introduced 7 questions connected to household environmental attitudes such as participating in a NGO or considering the environment as the most pressing concern (OECD, 2013). In a recent paper, Ameli and Brandt (2014) found that on average some of the cited variables increase the likelihood of energy efficient investment adoption.
Data
This paper uses micro-data from the INE's ESHMA, a single-year representative survey with almost 27,000 household principal dwellings that was carried out between April and December 2008 through internet, telephone and face-to-face interviews. The survey intended to gather comprehensive information on Spanish household consumption and environmental habits (energy conservation, water saving, recycling, etc.), even though data do not allow any dynamic analysis. The survey consists of nine blocks: i) information about household characteristics (income, education, number of members, etc.); ii) water supply and adoption of water saving measures; iii) energy sources of the house and installed heating, air conditioning and lighting systems (type of energy they use, type of heating fuel, thermostat temperature settings chosen by the members, proportion of rooms with air conditioning, low-consumption bulbs, etc.); iv) recycling practices; v) equipment and appliances; vi) noises and bad smells; vii) transport (number and type of vehicles); viii) general issues on lifestyle and consumption and ix) specific questions for the respondent.
The strength of this database is the vast number of questions related to household environmental attitudes and habits. This allows us to study the extent to which households reporting to be environmentally concerned or showing eco-friendly practices are more likely to invest in EE in their dwellings and the extent to which their environmental attitudes and behaviors are translated into daily energy-saving habits.
Using the questions related to household environmental concerns in the ESHMA, proxies of environmental attitudes and behavior can be defined. Green and Tunstall (1999) indicate that reports regarding hypothetical situations do not coincide with those in which the situations are real. This statement falls in line with the results reported by Lange et al. (2014) , who found that environmental attitudes and environmental behaviors yield to different results. We thus create two dummy variables to measure environmental attitudes, 'RENEWABLE' and 'TAX', which take value one when respondents answer yes and zero otherwise, respectively, to the following survey questions: i) Are you willing to pay more to use renewable energies?; ii) Would you agree on establishing a new environmental tax on the most pollutant fuels? Both questions report stated willingness to pay (WTP) to protect the environment.
Regarding environmental behavior, we create two indexes that measure the degree of household environmental activities. As in Knack and Keefer (1997) or Owen and Videras (2006) we first construct an index that measures household environmental policy activism. This 'ACTIVISM' index takes values from 0 to 5, by adding 1 each time the individual has answered "yes" to the following five questions: i) collaborated with any environmental protection organization, ii) participated in any voluntary work to protect the environment, iii) signed a petition related with environmental protection, iv) attended any demonstration in defense of environment, and v) reported some environmental problem individually identified. Following the same methodology, we construct a second index, 'RECYCLING', that measures the number of types of products the household recycles. The variable 'RECYCLING' goes from 0, if the household does not recycle, to 4 if the household recycles organic, paper, glass and plastic and can waste.
Finally we use a well-differentiated set of proxies that allows us to check the robustness of our results. The two attitudinal variables are based on a single question with only two possible answers (yes/no), while behavioral variables are based on indexes. As Torgler and García-Valiñas (2007) noted, indexes allow us to use more complete information by considering middle positions, while single questions avoid problems associated to the construction of indexes.
To estimate the effects of household characteristics on EE decisions we use the standard socio-economic variables: income, employment situation of the main preceptor (unemployed, employed, retired), educational level, number of members (#members), children (#members<16) and elderly (#members>65) and nationality. Based on economic rationality and previous findings, we can formulate different hypotheses: We expect EE products and services to be normal goods and hence, expect the income to have a positive effect on the probability to invest in EE and to set higher heating temperatures. The effect of employment is expected to be similar to the effect of income. Education is expected to have a positive effect on investment, although how it affects habits is unclear. Di Maria et al. (2008) argue that respondents with a higher level of education might be better able to predict future operational costs. The number of members, the number of children under 12 years and the number of elderly might reflect the life-cycle effect. A household with children might have a more intensive use of electric equipment and thus could be more interested in purchasing EE products. On the contrary, elderly households are expected to be less likely to purchase EE investments since the return period will be shorter. At the same time, both children and elderly might have higher comfort necessities, so we expect a positive effect on the probability to set higher temperatures.
Additionally, we include some control variables for geographic localization: a variable that classifies municipalities by size (municipality size); dummies for climatic zones 2 , and a dummy for each Autonomous Community (administrative region). The size of the municipality is important since it can determine the degree of access to certain devices or information, whereas Autonomous Community dummies control for different subsidy programs that regional governments have voluntarily implemented in order to promote EE (for example, the Renove programs for the substitution of all appliances or the installation of double glazing). These dummies collect the divergence in the magnitude, the time of implementation and other important characteristics of these subsidies. Galarraga et al. (2011a) and (2011b) found that these subsidies have increased the share of appliances with label A+. However, according to the IDAE (Spanish Institute for Diversification and Energy Saving) only 23% of households have received subsidies for appliances, 4% for heating systems and 3% for insulation (IDAE, 2011) . Table 2 summarizes the statistics of these main variables, while the others are fully depicted in the two annexes of the paper. It is important, however, to note that the ESHMA also has important weaknesses. First of all, there is no information on structure, age or size of dwellings. Research in the field has usually found these factors to be relevant in explaining the likelihood of adoption of EE measures (e.g. Brechling and Smith, 1994) , so this absence should be taken into account when interpreting the results of this paper. In addition, the survey lacks two other important variables: energy consumption and ownership status. The former is unlikely to be available in large national surveys since, as of yet, there are no official databases combining information on both energy consumption and EE decisions. This gap, which has only been covered for household heating expenditures, makes it impossible to gain insights on the potentially reciprocal effects between energy consumption and the decision to invest or adopt EE measures. Regarding ownership status, this dataset does not allow for the analysis of the principal-agent effect, another important factor explaining EE investment and energy consumption (see Section 2). Nevertheless, in Spain the magnitude of the principal-agent effect may not be as important as it is in other countries due to the high rate of owner-occupied dwellings (82% in 2008).
Models and results
Following the usual distinction between EE investment decisions and daily energy-saving habits in the literature (see Sections 1 and 2), we also deal with these issues individually in our empirical application. To study the determinants of EE investments we employ the ESHMA questions regarding high EE labels for major appliances, the use of low consumption bulbs, and the existence of double glazing. Regarding the determinants of EE consumption habits we use the heating temperature chosen by households for daytime consumption.
EE investment
To validate results, we study EE investments across well-differentiated sections of the house. We present a baseline regression model that will be used to estimate the effect of socio-economic and environmental factors on the probability of having invested on each one of the preceding measures (A or A+ fridge, washing machine, dishwasher, oven, double glazing and low consumption bulbs), being high rated appliances the first model specification. This selection is based on the fact that appliances and equipment represent the third largest portion of household energy consumption in industrialized countries (Laustsen, 2008; Levine et al., 2007; European Commission, 2011) . Figure 1 shows the residential breakdown of energy consumption for Spain and the EU in 2010. It explains why the substitution of major energy-inefficient appliances has been the target of many public EE policies. In particular, our survey asks respondents whether their fridge, washing machine, dishwasher and oven have an A or A+ label. We follow Gillingham et al. (2012) and restrict the sample to households that have bought their major appliances over the last five years. Therefore, we exclude situations where labels had not been implemented yet, and also reduce possible effects of changing trends on the supply side.
Figure 1. Spanish and EU Residential Energy Breakdown in 2010
Source: Odyssee (2014) Following the standard procedure to estimate models where the dependent variable takes binary values, we define a standard discrete choice probit model 3 for each one of the appliances. The dependent variable is the probability of having an A or A+ label on the corresponding appliance. The probit model can be derived from an underlying latent variable model that satisfies the classical linear assumptions (Wooldridge, 2001) . All we observe is whether the household has adopted a certain EE measure or not. However, we can assume that there is an unobserved or latent variable, * , that establishes a linear relation between our variables of interest as follows:
where is a vector with household i socio-economic characteristics and is a vector to control the geographic variables previously described. Vector contains dummies for the type of fuel used and vector collects specific variables related to appliances, e.g. the age of the corresponding appliance. We further assume a normal distribution of the disturbances. Tables A1.1 and A1.2 (Annex I) describe all the additional variables and gives the associated statistics. Finally, represents the environmental measures of the household (see above). (2) By substituting Equation (1) into (2), we can describe the probability of investment by household i as follows:
Given the standard normal cumulative distribution function Φ(.) of , Equation (3) is rewritten as:
Equation (4) gives us the empirical magnitude of the effects of our explanatory variables on the probability of investing in a certain EE measure. This equation is repeated for each of the four appliances.
After looking at major appliances, we study the determinants of double-glazing EE investment. Despite being one of the measures with the highest energy-saving potentials, improving the insulation level of an existing building is one of the most difficult and costly measures (see Ürge-Vorsatz and Novika, 2008) . However, installing double glazing does not require structural changes in buildings and therefore it could be one of the cheapest and easiest ways to improve the building envelope. In order to analyze the installation of double glazing, we now replace the dependent variable of Equation (4) by whether or not the household has installed double glazing. In addition, the specific vector for appliances characteristics, A , is replaced by another vector that is related to the acquisition of double glazing . In particular, contains indicators for the availability of heating and air conditioning system. More information on these issues can be retrieved from Table A1 .3 in Annex I.
The probability of having low consumption bulbs installed is the last dependent variable used to study EE investments. Unlike the preceding EE investment options, bulbs do not have high acquisition costs and long lifecycles. Yet, technical studies point out the high percentage of energy that can be saved in lighting through low-cost EE measures (see e.g. Levine et al., 2007) and this makes it an attractive area to foster EE improvements. As in previous models, we replace the dependent variable in Equation (4) by the probability of using low-consumption bulbs and eliminate the specific vector . The rest of variables (socio-economic and environmental attitudes, geographic characteristics and type of fuel) are kept constant. More information on these questions can be obtained from Table A1 .4 in Annex I.
> Results on EE Investment
Due to the non-linearity properties of these models, the interpretation of the coefficients in discrete choice frameworks is not straightforward. The complete regression output is provided in Annex II, together with the most used measures of goodness of fit: percentage of correctly predicted and pseudo R-squared (Wooldridge, 2001; Greene, 2008) . For simplicity and easy interpretation, Table 3 only displays the signs of the coefficients in the EE investment models. The sign "+" means that the variable has a positive and statistically significant effect on the probability of having invested in the corresponding EE measure, while "-" refers to negative statistical significant effects on the same probability. shadow areas are variables that were not included in the regression. All regression contains dummy variables for regional areas, size of the municipality and type of energy used in the household. All regressions use heteroskedasticity-robust standard errors.
Income, Spanish nationality, education, and the presence of elderly people in the household are the socioeconomic variables with the most remarkable effects on the analyzed EE measures. All regressions show that households with higher income, Spanish nationality or higher educational levels are more likely to invest in EE, whereas four out of the five models indicate that the number of household members over 65 has a negative effect on EE investments. These income and age effects are expected, given the high costs and future paybacks associated with most EE investments, and they coincide with previous findings. With respect to Spanish nationality, the positive effect might be explained by different factors: the percentage of owner-occupied households is 82% for Spanish households, 43% for European citizens and less than 30% for non-European citizens. . Since our data does not contain information on the ownership status, the positive effect of Spanish nationality could partially be due to the principal agent problem in rented-occupied households. Some other unobservable circumstances associated with foreign households, such as a higher difficulty to access information, might explain this effect. Results for other variables are inconclusive: employment status was not found to be statistically significant in all models, although it had the expected sign (unemployed or retired household's reference member show negative effects on the probability of EE investment).
Regarding environmental measures, not all selected variables are statistically significant for all types of EE investments. The results from attitudinal and behavioral measures seems to diverge: while households that stated to be currently involved in environmental activities or practices are more likely to invest in EE in four out of six models, households who reported to be willing to pay to protect the environment have significantly higher probabilities in two regressions: for the acquisition of A or A+ washing machine (negative effect) and for lowconsumption bulbs (positive effect). At first, one might expect that households willing to pay to protect the environment have stronger attitudes than those that only report participation in environmentally-friendly activities that do not necessarily imply a monetary cost. However, these activities might also be time intensive and thus related to non-negligible opportunity costs. Moreover, the stated WTP refers to hypothetical situations and could lead to wrong results (see e.g. Löschel et al., 2013 ). An explanation could be the so-called 'compliance bias' which makes respondents state a socially accepted WTP due to the influence of social norms (Green and Tunstall, 1999) . This divergence runs in parallel with the results found by Lange et al. (2014) (see section 2).
Regarding the lack of significance for some measures, there are two more important factors: Appliances and windows are costly and replaced less frequently. Although eco-friendly consumers may be willing to substitute their inefficient appliances and windows, they may wait for the completion of their lifespan or may be subject to budget constraints, which may cause the lack of significance in some appliances. The second factor is related to the previously mentioned lack of data on ownership, which may lead to an underestimation if proenvironmental consumers are tenants because they would be less interested in major investments that would be lost when moving to another dwelling. When considering low-cost investment or absence of split incentives, as is the case with low-consumption bulbs, there is a clear positive effect even for the households with stated WTP measures. Yet, household environmental concerns seem to be less relevant for high-cost EE investments, suggesting the existence of a trade-off between environmental concerns and cost.
Finally, with respect to the characteristics of specific appliances, age is a major determining factor because appliances purchased over the last 5 years are less likely to have A or A+ labels as compared to those purchased over the last year. Similarly, households that have heating or air conditioning systems in most of the rooms are more likely to have double glazing, contrary to households in warmer areas (Continental and Mediterranean).
> Robustness checks: multivariate probit regression
The preceding results were based on baseline models that clearly display the drivers of EE investment, a major objective of the paper. Yet we are aware that household investment decisions among the evaluated measures could respond to common factors. Therefore, we next provide the results from the estimation of a multivariate probit model (similar to the seemingly unrelated model) to analyze possible correlations among the disturbances (Greene, 2008) . In particular, this model is appropriate to estimate the probability of an individual purchasing several durables at the same moment of time. In our case, we could expect that the same factors moving a household to invest in EE appliances, could have led to the installation of double glazing and/or to the purchase of low-consumption bulbs too. To test the robustness of our results we estimate a system of equations where the disturbances follow a multivariate standard normal distribution. We use the previous equations for appliances, low consumption bulbs and double windows, to construct a system with three equations where the first equation refers to the probability of purchasing an A or A+ fridge 4 , and the subsequent two equations deal with the probability of purchasing double glazing and low-consumption bulbs respectively. Table 4 shows the directions of the effects (the results are displayed in Table A2 .2, Annex II). shadow areas are variables that were not included in the regression. All regression contains dummy variables for regional areas, size of the municipality and type of energy used in the household. All regressions use heteroskedasticity-robust standard errors.
We cannot reject the null hypothesis of no correlation (see Annex II), which confirms the overall significance of the trivariate probit model. However, the significance and the sign of the effects of each variable remain mostly constant with respect to the baseline results 5 (in particular the relationship between environmental attitudes and behaviors, and the probability of investing in EE).
Daily energy-saving habits
We use winter indoor-heating temperature chosen by a household as a measure of its daily energy-saving habits, and expect pro-environmental households to set lower temperatures. This is an indication of household ecofriendly behavior that has been commonly employed by the literature (see e.g. Levinson and Niemann, 2004; Maruejolds et al., 2011; and Gillingham et al., 2012) . Moreover, as Figure 1 indicates, space heating is the largest component of residential energy consumption in industrialized (as well as developing) countries and therefore a potentially important source of energy savings (Laustsen, 2008; European Commission, 2011) .
In the ESHMA respondents are asked to report the Celsius degrees set in the heating thermostat on a normal day when at home. Following Gillingham et al. (2012) we construct a discrete variable that takes value 1 if the temperature stated by the respondent is less than or equal to 15 º C; value 2 if it falls between the interval 16-18 º C; value 3 for the interval between 19-21 º C; value 4 for the interval between 22-24 º C; value 5 for the interval between 25-27 º C; and value 6 for those temperatures equal or above 28 º C. Then we use an ordered probit model similar to Equation (4) to explain the effects of household socio-economic and environmental characteristics on the winter indoor-heating temperature while controlling for the rest of relevant factors. Table  A1 .5 (Annex I) contains a description of specific variables used in the regression 6 . However, Spain has large climatic differences across regions and our climatic zones might be too wide to collect all of these temperature differences. Since this may affect the intensity and frequency of residential heating use, we compare the results from the full sample with the results from a reduced sample. This reduced sample, as in Gillingham et al. (2012) , considers only colder regions 7 .
> Results on daily energy-saving habits
Following the same procedure as in the last section, Table 5 summarizes the main results for household winter indoor-heating temperature (full estimation results are again available in Annex II). Now sign "+" ("-") means that a variable has a positive (negative) statistically significant effect on the probability of increasing indoor temperature, thus being associated to less (more) energy-responsible habits. The two columns in Table 5 incorporate the two sample specifications: the full sample and a sample restricted to regions with average monthly temperatures below 19 º C. As indicated before, with this approach it is possible to test the significance of our results under different climatic conditions.
With regard to socio-economic characteristics, income and age are again two important determinants of indoor temperature. Households belonging to higher income levels are more likely to choose higher winter indoor temperature, as do households with members who are over 65 years of age. These results coincide with the findings in the literature; although contrary to other analyses, we have not found any significant effects of the number of children in the household. In addition, the educational levels show poor effects on heating temperature decisions. In the full sample specification, households where the reference member has primary education set lower temperature than those who are illiterate or did not finish primary education. However, in the reduced sample this coefficient loses their significance (see Annex II). The results suggest now that, contrary to EE investment, the level of education does not have an important effect on household energy-saving habits. This means that households belonging to higher income levels or those with more education pay more attention to the EE attributes of products when taking investment decisions, although they do not follow the same considerations in their daily energy consumption habits. 
--
Notes: +(-) positive (negative) statistical significant effect of the explanatory variable on the probability of increasing the temperature. All regression contains dummy variables for regional areas, size of the municipality, type of energy used in the household and by the heating device. * Means not significant for all variable levels. All regressions use heteroskedasticity-robust standard errors.
Regarding environmental concerns, once again the effects from environmental attitudes diverge from that of environmentally-friendly behaviors. Households who would agree on imposing a penalty to the most pollutant fuels and those who reported a positive WTP for renewable energy do not exhibit differences in heating temperatures. The indexes measuring political activism in environmentally-related activities and recycling practices, however, have a negative effect on heating temperatures. That is, an increase of those two indexes is associated with lower heating temperatures. These results support our previous findings: environmental attitudes given by stated WTP do not translate into changes in daily energy consumption or high-cost EE investments. Environmentally-friendly behaviors, however, have a significant impact on EE habits and EE investments. Therefore, conclusions from environmental attitudes should be drawn very cautiously.
Even though geographic characteristics are not the focus of this paper, an analysis of the effects of climatic zones is especially interesting as existing evidence on temperature impacts is mixed. On the one hand, some authors have suggested that colder regions choose higher temperatures regardless of the associated higher costs (Friedman, 1987) . On the other hand, other papers found the opposite (Dewees and Wilson, 1990; Gillingham et al., 2012) . Our results coincide with the latter, indicating that the climatic zone variable has positive effects on indoor temperatures: households in warmer regions of the Continental and Mediterranean zones set higher heating temperatures as compared to households in the Atlantic area. This might be related to the fact that colder regions have higher marginal costs of heating. Given that housing size may matter (see, e.g. Gillingham et al., 2012) , and although the ESHMA does not provide data on dwelling sizes, the dummy variable 'heating in most of the rooms' (equaling one when households have heating systems installed in most of the rooms) might be used as a proxy to study such effects. Again, our results indicate negative impacts for households with heating in most of the rooms. This reinforces the idea that colder regions and larger houses set lower temperatures due to higher marginal costs.
Conclusions
Buildings are a major source of energy consumption in both emerging and developed economies and thus a cause for public environmental and energy-dependence concerns. Contrary to other sectors, buildings are usually associated to a stock of future energy consumption that is mainly related to their design and structural characteristics and to behavioral decisions by the agents who use them. By acting in both areas, societies may achieve a sizable and cost-effective reduction of energy consumption in buildings. Proper building design and construction, retrofitting processes, replacement of old equipment by new EE appliances, and fostering energy conservation habits, are all essential for the success of EE strategies and plans. However, the progress of EE in the building sector has been rather limited due to the existence of numerous market barriers, such as imperfect information, split incentives or uncertainty, that result in a sub-optimal level of EE action. EE benefits, the importance of buildings in EE strategies, and market failures and barriers against EE, justify public intervention. However, public policies to promote EE should be defined and implemented with proper information on the agents' stances in this domain.
Consequently, prior to any policy initiative to incentivize consumers concerning certain products with desirable characteristics, policy-makers should carefully analyze what factors affect consumers EE-related decisions. In the special case of investing in EE or widespread adoption of daily energy-saving habits, policy-makers should identify the determinants that drive household decisions regarding these issues. With that objective in mind, using a Spanish representative household survey with detailed micro-data on environmental attitudes and behaviors, this paper empirically estimates the effects of certain socio-economic variables on the probability of investing in EE measures and adopting energy-saving habits. In particular, we study the effects of household environmental attitudes and behaviors on the probability of having installed double glazing, EE major appliances and low-consumption bulbs. Moreover, winter indoor temperature is used as a measure of daily energy-saving habits.
The paper showed that households with older members are less likely to invest in EE and show less eco-friendly habits. Moreover, household decisions on EE investments and energy-saving habits are driven by income levels in Spain: households with high income levels are more likely to invest in EE, although they are less likely to sacrifice comfort to save energy by setting lower heating temperatures. The same is true for higher education levels: households with more education pay more attention to the EE attributes of products when taking investment decisions, but they do not follow the same considerations in their daily energy consumption habits. Additionally, elderly households in Spain are less likely to invest in EE but have larger energy necessities for heating. This situation makes them more prone to the risk of suffering from fuel poverty, if they additionally belong to low-income groups. Our results also reveal an important time dimension of EE implementation: rising income and education levels might translate into energy savings through EE investments in the long run, but their more immediate effects might be rather small. Better information might stir EE investments, but will not necessarily lead to more energy-responsible habits.
Additionally, environmental concerns are generally less important for high-cost investments with less frequent replacement and economic considerations seem to be predominant here. Also, reporting environmental attitudes does not show any effect on EE investment or energy-saving daily habits. However, households who currently develop eco-friendly practices, such as daily recycling or participating in environmental policy activism, are more likely to invest in EE and adopt daily energy-saving habits at home. This divergence might be explained, for instance, by 'compliance bias' produced when respondents report socially-desirable answers about some hypothetical situations. This indicates that environmental attitudes are not necessary translated into real actions.
In view of the increasing relevance of energy efficiency objectives and policies, the results of the paper have obvious implications that may be of interest beyond the Spanish case. Policies should first acknowledge that the factors that affect investment decisions in EE do not necessary influence the adoption of energy-saving habits in the same way. In this sense, our results show that, although public intervention aimed at reducing financial barriers seems to be key to promote EE investments by households with low income and/or with old members, other specific measures may be needed to foster their daily energy-saving habits. Moreover, the results of the paper suggest that EE-driven public campaigns may increase their effectiveness if they focus on the adoption of pro-environmental behaviors rather than on trying to raise environmental attitudes. 
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